Specific Analysis of Immunoglobulins.
Techniques and Clinical Value1
Joseph F. Heremans and Pierre L. Masson We recommend that routine screening of sera for immunoglobulin disorders consist of a combination of electrophoresis in agarose and immunochemical quantitation of serum lgG, IgA, and 1gM. Abnormalities detected by this procedure may be classified as (a) immune deficiencies, (b) polyclonal hyperimmunoglobulinemias, or (c) monoclonal immunoglobuli n disorders. The analyst can contribute to the diagnosis of immune deficiency by detecting evidence for plasma protein losses in the urine, unsuspected monoclonal immunoglobulin disorders, and abnormalities in the immunogiobulin content and spectrum of secretions. Polyclonal hyperimmunoglobulinemia -seen in infections, autoimmune disease, liver disease, sarcoidosis, or other conditions-is frequently associated with an imbalance between the different immunoglobulin classes, and with the appearance of discrete inhomogeneities in the immunoglobulin zones of the electrophoretic spectrum. Factors involved in this process are listed, and examples are indicated. Monoclonal immunoglobulin disorders may not be detected if the tumor protein is masked by normal serum-protein fractions or misdiagnosed by confusion with nonimmunoglobulin components. Diagnosis of immunocyte malignancy is aided by detection of Bence Jones protein in the urine; measurements of serum lgG, IgA, and 1gM concentrations; and monitoring the concentration of the abnormal component in the serum as the disease evolves. The results may be expressed in absolute terms (g/liter) or as percentages of the mean normal value for the population concerned. We prefer the latter system, because the problem of standards is completely removed, so that data become comparable from one laboratory (in the same geographic area) to the next, and also because the clinician is spared the effort of interpreting the results with respect to a normal range with which he may not be familiar. The ultimate diagnosis will frequently require a complete immunologic investigation of the patient, or at least metabolic studies on his immunoglobulins (17) . There are, however, some precise contributions that the clinical analyst can make or suggest.
Firstly, immunoglobulin deficiency owing to renal losses can be diagnosed from its association with very low serum albumin and elevated alpha-2-macroglobulin (visible as a pronounced fast alpha fraction), as well as elevated very-low-density lipoprotein (appearing as a wavy sharp band behind the beta-i band of transferrin), which are the other hallmarks of the nephrotic syndrome ( Figure 2 ).
Secondly, some cases of combined immune deficiency in the adult are in fact expressions of a lymphoma. It is therefore recommended that 100-fold concentrated urine be screened for Bence Jones pro- This phenomenon is obviously due to the fact that at the onset of reconstitution only one or at most a few immunocyte clones were able to respond to the antigenic stimulation from the surrounding medium. In lesser proportions an analogous mechanism may be thought to account for the restricted heterogeneity pattern (Figure 4 ) and predominant 1gM concentration (22) Figure 5 ) (23). This is one of the two cases in which the anatomic localization of the antigen in the body has a pronounced effect on the antibody distribution in the blood; the other case in point is the observation that mucosal infections-for instance, of the urinary tract-may give rise to a selective increase of the IgA level in the blood ( Figure  6 ), presumably because the mucosae are a site of predominant IgA antibody synthesis that, moreover, contributes IgA to the circulation (24).
Restricted heterogeneity of the immunoglobulin area cannot be discerned with any of the less resolving methods of electrophoresis, which is a major reason for recommending agarose gel electrophoresis, as outlined in the technical section. Two sources of error to be borne in mind while diagnosing this condition are, firstly, genuine. monoclonal bands typical of immunocytoma (see below) and, secondly, the faint mid-gamma band corresponding to C-reactive protein ( Figure  4) , which is likely to be visible in sera from patients with acute inflammatory conditions (25). However, the context, in this case, is always typical of the inflammatory syndrome, i.e., through the concomitant rise of the alpha-globulin fractions ( Figure  4 ). In acute hepatitis sera a faint gamma band will often be visible (Figure 4) as well (26, 27) . In myeloma the tumor product is it is known that the fractional turnover rate of IgG increases with the concentration of this protein in the plasma, so that the line relating tumor mass and serum concentration in the case of IgG myeloma rapidly curves upward (Figure 8) .
After a monoclonal immunoglobulin disorder has been picked up by the all-purpose serum electrophoresis test, it will be a simple matter to classify it immunologically by means of immunoelectrophoresis with use of specific antisera to heavy-chain classes and, what is less important, light-chain types. With more than 10 mg/ml of the monoclonal component being present, the heavy-chain diagnosis will already have been made by the associated routine IgG, IgA, and 1gM determination.
IgA proteins
have a tendency to produce very broad bands on electrophoresis (Figure 7) , and both 1gM and IgA are only rarely found in the slow-gamma area. Sometimes several monoclonal components are present; some of these may be serum Bence Jones proteins, but occasionally tumor products belonging to different heavy-chain classes or to members of different mobility within the same class may coexist in the serum. These are of considerable theoretical interest, but their discussion falls outside the scope of this paper. The same is true for the exceptional cases 
